Polychlorinated biphenyls (PCBs) and dioxins have polluted the environment for about 50 years and parts of them have transferred to human being through food chain. Humans are already contaminated with chlorinated compounds at relatively high levels. Yusho PCB poisoning occurred at Northern Kyushu in 1968 and the patients have been suffering from various symptoms for 35 years. High concentrations of toxic PCBs and polychlorinated dibenzofurans in the patients have been very gradually decreased to the levels of only 2 to 6 times higher than those of normal persons. Typical Yusho symptoms of acneiform eruption, dermal pigmentation and increased eye discharge were very gradually recovered with lapse of several years. However, enzyme and/or hormone-mediated signs of high serum triglyceride, high serum thyroxin, immunoglobulin disorder and others are persistently maintained for more than 30 years. Recent tolerable daily intake of dioxins were determined from their hormone-like activities, such as decreased sperm count, immune suppression, increased genital malformation and neurobehavioral effects in the offspring of animals. PCBs are important factors on considering dioxin toxicities to human for the reason that half the dioxin toxicity in normal persons consists of the toxicity of coplanar PCBs. Recent epidemiological studies have reported that higher levels of PCBs and related compounds in the human body associated with various health effects, such as lowering intelligence quotient levels, disorder of thyroid gland, higher rate of endometriosis in women, declining thyroid hormone levels, higher rate of diabetes in pregnant women, lowering age at menarche, and altering play behavior in children at school age.
INTRODUCTION
Polychlorinated biphenyls (PCBs) and dioxins have been well known environmental pollutants in animals as well as humans. Health effects of PCBs and dioxins have been observed in not only occupational workers but also common persons. Yusho PCB poisoning occurred in 1968 at Northern Kyushu and the patients have been suffering from various symptoms for 35 years. 1) From the studies on toxic compounds and symptoms in Yusho patients, toxicities and health effects of PCBs and dioxins to humans are evaluated in this review.
cilities and polluted the environment together with PCBs. All these chlorinated chemicals are lipophilic and their concentrations increased in the order of seawater, plankton, small fish, bigger fish and fish eating animals by turn. Polar bears, bald eagles in the Great Lakes region and seals in the North Sea, situating at the top of food chain, are known as the most heavily polluted animals with these chlorinated chemicals. Humans and their suckling are also situated at the top of food chain, as humans ingest considerable amounts of fishes and feed babies with polluted mother's breast milk.
Human Pollution of PCBs and Related Compounds
General persons ingested PCBs and related compounds through foods more than 90% and their intakes by inhalation of air and skin contact of soil, water and other materials were usually very small. Japanese daily intakes of PCBs were estimated to be 40-72 µg per person in 1972. Daily intakes of dioxin toxic equivalents (TEQ) were calculated to be 0.5-3.5 pg/kg/day through mainly foods in 1999. World Health Organization (WHO) examined breast milk of peoples in the world for TEQ levels in 1980, detecting 5-40 pg/g lipid. Higher levels of TEQ were determined in the breast milk of peoples in industrial countries and lower levels in South Asian and East European countries. German blood and breast milk were continuously examined from 1987 to 2001, finding high levels of TEQ decreased to about half values of the original. 3) Total TEQ levels, consisting of PCDDs, PCDFs, non-ortho PCBs and mono-ortho PCBs, in breast milk and blood of Germans were found to be 28.6 and 42.7 pg/g lipid, respectively, in 2001 and one half of the TEQ was from the PCBs. In the blood of Fukuoka residents, average total TEQ level was 28 pg/g lipid in 1999 and 30-55% was from the PCBs. 4) Coplanar PCBs were important factors for evaluating TEQ toxicities.
Second rice oil PCB poisoning called Yucheng occurred in Taiwan in 1979, eleven years after the Yusho PCB poisoning. Blood samples of three Yucheng patients and five Yusho patients were continuously examined for PCB and PCDF congeners. Concentration changes of PCB and PCDF congeners in Yusho patients from 1968 to 1999 were estimated from the data of Yusho and Yucheng patients. 5) Estimated levels of total PCBs (75 µg/g lipid) and TEQ (40 ng/g lipid) in Yusho patients just after the incident decreased to 2.3 µg/g lipid and 0.6 ng/g lipid, respectively, 30 years after the onset with half-lives during first fifteen years, 4.2 and 2.5 years, and during second fifteen years, 9.1 and 7.7 years, respectively. Blood samples of 83 Yusho patients were examined 6) in 1995 for PCBs and TEQ levels, means (ranges) being 0.8 (0.09-5.2) µg/g lipid and 0.16 (0.01-1.02) ng/g lipid, respectively. Blood samples of 152 Fukuoka residents were examined in 1999 for PCBs and TEQ concentrations. 4) Their mean levels and ranges were 0.4, 0.06-1.7 µg/g lipid and 28, 9.2-100 pg/g lipid, respectively. Mean values of PCBs and TEQ in Yusho patients were only 2 and 6 times higher than those in control persons, respectively, in 1999. Concentration ratios of PCBs/ TEQ were 5000 in Yusho patients and 14000 in control persons.
Concentrations of total PCBs (130-3400 pg/g whole blood) and dichlorodiphenyl dichloroethene (DDE) (80-3600 pg/g whole blood) in normal persons are comparable or more to normal blood levels of estradiol in female (20-250 pg/ml serum) and male (10-50 pg/ml serum), testosterone in female (100-900 pg/ml serum) and male (3000-10000 pg/ ml serum) and free thyroxin (7-20 pg/ml serum). A man of 60 kg body weight usually has 10 kg of lipid which is estimated to contain considerable amounts of total PCBs 0.6-13 mg and TEQ 0.09-1.02 µg.
Health Effects of PCBs and Related Compounds
Tolerable daily intake (TDI) of TEQ, 10 pg/kg/ day, was established in 1996 by Ministry of Health and Welfare. The value was estimated from 1/100 of No Observed Adverse Effect Level of 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD), 1 ng/kg/day, on animal experiments. Environmental Agency altered the TDI to 5 pg/kg/day in 1997, investigating the monkey data 7) in detail, that is, TCDD dose of 125 pg/kg/day for 4 years caused endometriosis on 3 out of 7 monkeys. Japanese government changed the TDI to 4 pg/kg/day in 1999, following the WHO's TDI, 1-4 pg/kg/day, in 1998. 8) The lowest body burdens to dams were estimated to be 28-73 ng/kg body weight to cause some symptoms, such as decreased sperm count, immune suppression, increased genital malformation and neurobehavioral effects, in the offspring. These values were converted to human daily intake of 14-37 pg/kg/day. The TDI of WHO was estimated by taking the safety margin of 10 to the converted human daily intake.
Typical Yusho symptoms of acneiform eruption, dermal pigmentation, and increased eye discharge were very gradually recovered with lapse of several years, corresponding to the decrease of PCDF and PCB levels in the body. However, enzymatic and/or hormonal affects of high serum triglyceride, high serum thyroxin levels and immunoglobulin disorders, persistently maintained for more than 30 years. 5) Taiwan Yucheng children prenatally exposed to PCBs and PCDFs had poorer cognitive development at age 4-7 years. The body height and penis length of Yucheng children were lower than those of control at age of 11-14 years. These changes might be caused by the estrogenic or antiestrogenic effects of PCBs/PCDFs in Yucheng children, which were 10-30 fold higher than the controls. 9) Figure 1 arranges the symptoms and disorders in Yusho and Yucheng patients to compare the levels of TEQ in the patients and controls. 5) TEQ levels in exposed persons are also compared in Fig. 1 . Among the TCDD exposed persons in Seveso, the parents with blood TCDD level high as 100-2340 pg/g lipid gave birth female babies only. Blood testosterone level was lowered in the workers exposed to high levels of TCDD. In herbicide producing workers in Germany, a significant trend was observed between cancer mortality and estimated TEQ levels. Numbers of offspring decreased in monkeys exposed to the diet containing TCDD up to 25 ppt, and incidence of endometriosis 10 years after the exposure correlated with dioxin exposure levels. Since the difference of TEQ levels between controls and exposed persons with enzymatic and hormonal effects are about one order of the magnitude, the control persons with relatively high levels of TEQ may suffer from subtle effects of enzymatic and/or hormonal disorders. An epidemiological study 10) on 212 children born to women who had eaten Lake Michigan fish proved that prenatal exposure to PCBs was associated with significantly lower intelligence quotient (IQ) scores (Fig. 1) .
Human blood has been contaminated with PCBs and related compounds at similar levels of estradiol, testosterone and free thyroxin through life. The PCBs and related compounds in mothers may cause disturbance of hormonal effects in the successive growing of embryo, fetus, neonate and baby through placenta and breast milk. Health effects will be realized after growth. The followings are several epidemiological studies on the health effects. Residents of New York State were statistically surveyed 11) and found that incidences of disorder of the thyroid gland, disorder of female genital tract and endometriosis were significantly high in the females who live in the Niagara River area where had been contaminated with PCBs, dioxin and others. Analytical study of PCBs and thyroid hormone concentrations in plasma of 182 fisherman's wives from the Swedish east coast along the polluted Baltic Sea showed PCB concentration was negatively correlated with total triiodothyronine concentration. 12) A cross-sectional study of 2245 pregnant women, of whom 44 had diabetes showed that the adjusted mean serum level of PCBs among the subjects with diabetes was 30% higher than in the control subjects. 13) Survey on 135 female offspring from 1177 Michigan anglers showed that maternal DDE levels inversely related to age at menarche. 14) Survey on 208 offspring in 101 families showed the sex odds ratio was increased if paternal PCB concentrations exceeded 8.1 µg/l se- rum. Paternal exposure was therefore linked to a higher proportion of male offspring. 15) Effects of prenatal exposure to PCBs and dioxins were examined on play behavior in Dutch children at school age. 16) In boy, higher prenatal PCB levels were related with less masculinaized play, whereas in girls higher PCB levels were associated with more masculinaized play.
